Whenever elevated signal intensity is displayed at magnetic resonance imaging (MRI) within an ovarian lesion on unenhanced T1-weighted sequences, some specific diagnoses should be considered because only 3 main components may be responsible for this T1-hyperintensity at MRI: fat, blood products, and proteinaceous or mucinous material. The associated clinical data and concomitant use of T2-weighted sequences and fat-saturation techniques is mandatory to make this tissue characterization possible. The goal of this pictorial review is to provide a simple radiologic reasoning and the differential diagnoses to consider in the presence of spontaneous elevated signal intensity on T1-weighted sequences within a cystic or solid ovarian tumour.
Ultrasound is often the first imaging technique performed whenever a gynaecologic condition is suspected, but magnetic resonance imaging (MRI) tends to be more and more widely used, with the advantage of a much better contrast resolution and the ability to characterize tissue components. The standard MRI protocol for evaluation of ovarian lesions usually includes at least T2weighted sequences and T1-weighted sequences without and with fat saturation. The latter enables differentiation between fatty components and other material, which displays elevated signal intensity on unenhanced T1weighted sequences, such as blood products, pus, and proteinaceous material.
Diffusion and perfusion sequences also can be added to standard sequences to improve diagnostic accuracy [1] because T1-hyperintense signal may be found in both benign and malignant ovarian masses. If intravenous administration of gadolinium chelates is performed, then subtraction after treatment of enhanced and unenhanced T1 sequences should be studied to depict solid papillary projections. The goal of this review was to present logical radiologic reasoning at MRI in the presence of an ovarian lesion that contains T1hyperintense components and to review the differential diagnoses with their typical imaging features on a 1.5-Tesla system. An imaging algorithm is proposed in Figure 1 .
Fat-Containing Ovarian Masses

Mature Cystic Teratoma
Mature cystic teratoma is a common benign ovarian lesion that accounts for approximately 20% of all ovarian neoplasms [2] , usually incidentally discovered at routine pelvic ultrasound examination. Ectodermal derivatives are present within the tumour, with a keratinized squamous epithelium and skin appendages lining the wall of the cyst, which explains why sebaceous content is almost always present [2] . This fatty component displays high signal intensity on both T1-and T2-weighted sequences, but a pathognomonic drop in signal on spectral fat-saturated T1 sequences allows differentiation with blood products, and the diagnosis is usually easily made ( Figure 2 ). Other methods that allow depiction of fat include chemical-shift imaging (in opposed phase) and short T1 inversion recovery sequences [3] . Other MRI features include floating debris, soft-tissue protuberances (Rokitansky nodules), and calcified material (eg, teeth) [2] . Dermoid cysts may complicate with torsion or, rarely, malignant transformation. Therefore, surgical management is often preferred.
Other Fat-Containing Lesions
Immature teratoma is rare and usually presents as a large solid mass that contains small foci of fat and coarse calcifications [4] . Lipomas and lipoleiomyomas of the ovary are very uncommon, with only a few cases reported in the literature.
Ovarian Lesions That Contain Blood Products
Functional Cysts
Functional cysts that include simple follicular cysts and corpus luteum are benign and extremely common entities seen on pelvic ultrasound, related to the ovulation in women of reproductive age. Spontaneous disappearance is typically noted on follow-up examinations after 2 or 3 cycles. Follicular cysts usually are less than 1 cm, thin walled, and contain simple fluid. A corpus luteum ( Figure 3 ) is often larger [5, 6] and thick walled, with a peripheral rim of T1 hyperintensity. Both may be complicated with intralesional hemorrhage. A blood-fluid level also may be observed [6] .
Endometrioma
Endometriosis is defined by the presence of ectopic functional endometrial glands and stroma outside the uterine cavity. The ovaries are commonly affected [7] . Hemorrhagic cysts secondary to endometriotic infiltration are called endometriomas (Figure 4 ). Chronic and repeated bleeding leads to the accumulation of high concentrations of iron and protein within the cysts, which is responsible for a gradual variation of signal, the so-called shading aspect on T2weighted sequences [7] . Endometriomas display high signal intensity on T1 images. Fat-saturated T1-weighted sequences are of particular value in the detection of more and smaller lesions [7] . The signal is usually bright on these sequences, with a ''light bulb'' appearance [5] . Differentiation between hemorrhagic cysts and endometrioma is sometimes difficult. The frequent bilateral nature and more pronounced low signal intensity on T2 images [5] are thought to be more specific of endometriotic cysts. Furthermore, endometriomas usually remain stable in time of follow-up examinations.
Ovarian Hematoma
Ovarian hematoma may be seen as a feature of ovarian torsion, which occurs when the ovary and its vascular pedicle twists in its suspensory ligament and represents 2%-3% of all gynaecologic emergencies. An underlying benign or malignant mass is present in up to 50%-90% of cases [8] but is sometimes difficult to visualize. Patients present with acute or repeated episodes of nonspecific pelvic pain in most cases. The most relevant imaging features include ovarian enlargement of more than 4 cm in maximal dimension, features of hemorrhage, visualization of a twisted pedicle and abnormal ovarian enhancement. At MRI ( Figure 5 ), subacute hemorrhage is best depicted on fat-saturated T1 images, with a hyperintense rim being the most relevant finding [8] .
Proteinaceous or Mucinous Material-Containing Lesions
Mucinous Epithelial Neoplasms
Ovarian mucinous cystic tumours are categorized as benign, borderline, and malignant based on histologic findings [9] . Benign mucinous cystadenomas ( Figure 6 ) are common and account for approximately 41% of all benign ovarian neoplasms. These usually are unilateral tumours. They present as multilocular cysts that contain gelatinous material of various viscosity, which displays various signal intensities on T1-weighted sequences, with a ''stained-glass appearance'' [10] . In borderline forms (Figure 7) , multiple locules of different signal intensity also may be seen, with a high number of septa (>10), which are commonly grouped, irregular, and thickened. The malignant variant (cystadenocarcinoma) is rare and mostly unilateral. It accounts for 5%-10% of all mucinous epithelial neoplasms [11] and usually presents as a solid and cystic mass with prominent solid neoplastic portions.
Tubo-ovarian Abscess
Tubo-ovarian abscess is part of the ''pelvic inflammatory disease'' entity, which is the result of ascending infection from the vagina and cervix. Intra-uterine devices, multiple sexual partners, high coital frequency, and young age are known risk factors [12] . Patients may present with lower abdominal pain, mucopurulent discharge, and fever, sometimes with a palpable mass at physical examination. MRI is sometimes performed if clinical and biologic findings are not suggestive enough. The MRI features of tubo-ovarian abscesses are related to the protein-rich content and potential associated hemorrhage (Figure 8 ). T1-weighted images display [13] a content of variable signal intensity and a hyperintense rim. Strong wall enhancement after intravenous administration of gadolinium is thought to be the most specific feature. Pyosalpinx and peritoneal inflammation also may be found.
Struma ovarii
Struma ovarii, also called ovarian goiter, is a highly specialized form of teratoma entirely or predominantly composed of thyroid tissue with large follicles filled with colloid material [14] . It is a rare and usually unilateral benign tumour, with a mean age of occurrence of 49 years [15] . The lesion is generally asymptomatic even though symptoms or signs of thyrotoxicosis may be found in approximately 5% of cases. Ascites is present in up to one-third of patients; a Meigs syndrome rarely occurs [14] . At MRI, struma ovarii presents as a large multilocular cystic mass (Figure 9 ), which shows variable signal intensity between locules, depending on the viscosity of the fluid. Areas of high signal intensity on T1-weighted images, therefore, may be seen within cystic cavities, with corresponding low signal intensity on T2weighted images [15] .
Conclusion
Hyperintensity within an ovarian lesion on unenhanced T1-weighted images may be related to the presence of fat, hemorrhage, or proteinaceous-mucinous material. Fatsaturated T1-weighted sequences must be performed to differentiate between these components. Knowledge of relevant clinical and biologic data, and concomitant interpretation of T2-weighted sequences also are mandatory for a better characterization.
